Iron, manganese and nickel were analyzed using Atomic Absorption Spectrophotometry (AAS) in 50 beverages sold in Nigeria. Iron levels ranged from 0.020-2.460 mg/l for canned and 0.020-2.090 mg/l for non-canned beverages. In 95.24% of the canned beverages, iron levels exceeded the maximum contaminant level (MCL) of 0.30 mg/l, while 75.86% of the non-canned beverages had iron levels exceeding the MCL. Manganese levels ranged from 0.001-0.730 mg/l for canned and 0.001-0.209 mg/l for noncanned beverages. 42.86% of the canned beverages had manganese levels that exceeded MCL of 0.05 mg/l, while 51.72% of the non-canned beverages had manganese levels exceeding the MCL. Nickel levels ranged from 0.013-0.993 mg/l for the canned and 0.009-0.938 mg/l for non-canned beverages. 80.95% of the canned beverages had nickel levels that exceeded MCL of 0.10 mg/l while 72.41% of the noncanned beverages had nickel levels exceeding the MCL. The sources of these contaminants are unclear and merit further investigation.
INTRODUCTION
Toxic metals are widely found in our environment. Humans are exposed to these metals from numerous sources, including contaminated air, water, soil and food. Nickel is an essential trace element. Human exposure to nickel may occur in industrial environment or through food chain. Nickel plays some important role in biological systems such as in enzyme activity in hormonal control and also in RNA, DNA, and protein structure or function. 1) Iron fortification in foods has been increased to tackle the increased incidence of iron deficiency anemia, especially in the western countries. 2) Iron deficiency anemia is the most common micronutrient deficiency affecting mostly the low socioeconomic populations of the developing world. 3) On the other hand, excessive iron intake has been associated with an overall increased risk of colorectal cancer. 4) Manganese is an essential metal that, at excessive levels in the brain, produces extra pyramidal symptoms similar to those in patients with Parkinson's disease, 5) and decreased learning ability in school-aged children, and increased propensity for violence in adults. 6) Numerous studies have described environmental exposure of humans to heavy metals in African populations. 7) Little is known about the exposure to heavy metal toxins from processed or unprocessed foods consumed in Africa, and no data exists on the food concentrations of iron, manganese and nickel which in excess, are potential systemic toxicants. This study determined the concentrations of iron, manganese and nickel in beverages and fruit drinks commonly sold in Nigeria.
MATERIALS AND METHODS
Fifty samples of commonly consumed canned and non-canned beverages (imported and locally manufactured) purchased in Nigeria were digested in nitric acid and analyzed using Unicam Atomic Absorption Spectrophotometer (AAS) Model 929, using our previous method. 7) 5mls of each sample were used.
The 'true intake' using the arithmetic mean according to Parkhurst (1998) 8 ) was calculated by multiplying contaminant level i.e. heavy metal level by amount/volume of beverage. In all the estimated/calculated levels of iron, magnesium and nickel in the beverages, one liter (1 l) was assumed to be the average volume for both canned and noncanned beverages.
RESULTS AND DISCUSSION
This study revealed that some beverage samples in Nigerian markets have iron, manganese, and nickel levels above the recommended limits.
The nickel levels ranged from 0.013-0.993 mg/l for the canned and 0.009-0.938 mg/l for noncanned beverages. Table 1 shows that 80.00% of the canned beverages had nickel levels that exceeded the maximum contaminant level (MCL) of 0.10 mg/l set by United States Environmental Protection Agency (US EPA), 9) while 72% of the noncanned exceeded the MCL as shown in Table 2 . This value however has been recently remanded (on September 7, 2007) as it was done on February 9, 1995. 10) Previously, we have reported high concentrations of nickel in the soil and fruit samples in Nigeria. 11) The dietary requirement of nickel is 50-80 ng/g of the diet. Higher quantity of nickel is known to be injurious for human health. 12) Tables 1 and 2 show that 95.24% of the canned beverages had iron levels that exceeded the MCL of 0.30 mg/l set by US EPA while 75.86% non-canned beverages had iron levels exceeding the MCL. In as much as fortification may explain the presence of iron in some of the products studied and considering that there is no standardization of the limits to intake, iron toxicity remains a risk. Severe overdose causes impaired oxidative phosphorylation and mitochondrial dysfunction, which can result in cellular death. 13) Whereas only 42.00% of the canned beverages showed manganese levels that exceeded the US EPA's MCL of 0.05 mg/l, 51.72% of the non-canned beverages had manganese levels that were greater than the MCL. The range of the manganese in the canned beverages was 0.001-0.730 mg/l and 0.001-0.209 mg/l for the non-canned beverages (Tables 1  and 2 ). Manganese is both an essential element and a potent neurotoxin. Manganese accumulates in mitochondria, a major source of super oxide, which can oxidize Mn 2+ to the powerful oxidizing agent Mn 3+ . Oxidation of important cell components by Mn 3+ has been suggested as a cause of the toxic effects of manganese. 14) Table 3 shows the calculated amount of iron, manganese and nickel in three randomly selected beverages with volume (assumed) 1 l each. The values are 3.530 mg, 0.212 mg and 1.479 mg respectively. These estimated intake values could be higher especially in dry seasons. It could be reasoned therefore that if from processed beverages alone, the body burdens of nickel, manganese and iron in an average Nigerian exceed that of values obtained in Europe and America, a cumulative amount from other sources may make them even higher. Maternal dietary habits influence risk of heavy metal exposure to infants. In Nigeria, it is common for pregnant women and lactating mothers to consume a lot of processed beverages. Poor hygiene and storage facilities may be some of the causes of metal contamination of beverages. An important limitation of this study is our inability in the speciation of these metals and inaccessibility of the factories to investigate the possible source of these contaminants. However the present study provides additional data on metal pollution in Nigeria which may connote a potential threat to the health, security and safety of these food items to the unsuspecting consumer.
